Figure 1. (a-c) Relationship between light sheet width and thickness. Illumination with a numerical aperture of 0.10 (a), 0.20 (b), and 0.40 (c) produces an increasingly thin light sheet. The vertical axis, z, is scaled by a factor of two for clarity. (d) Schematic of the Airy beam light sheet microscope. A cubic phase is introduced by a spatial light modulator (SLM) onto the wave front of an expanded laser light sheet (LIGHTSHEET). The illumination objective (OBJ 1 ) focuses the Airy light sheet into the sample, and a second objective (OBJ 2 ) collects the light, after which it is focused onto the camera (CAM). The sample is translated along the z-axis to record a 3D image. FOV: Field of view.
limits the contrast reduction due to the outer transverse rings of the mode profile. 2 This is not the case for single photon imaging, where we need to use confocal geometries or structured illumination techniques. 2, 3 Single photon, linear light sheet microscopy is not only less expensive than its multiphoton counterpart, it also lends itself to compact geometries and readily gives access to a large range of fluorophores. A powerful, simple way to achieve this would represent a step change for the field.
Our exploration of the optimum beam profile for single photon light sheet imaging has led to the surprising conclusion that Airy light fields are the beam of choice for such studies. The Airy light field is perhaps best known for the curved trajectory of its asymmetric intensity profile, 4 and at first glance it does not appear particularly convenient for light sheet microscopy. However, as with the Bessel beam, it has a relatively broad transversal structure that is invariant to propagation. Although the main lobe of the Airy beam is several times wider than that of the Bessel and Gaussian modes, its transversal structure has the unique property that it allows the computational
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Figure 2. A two-color fluorescent specimen imaged with conventional Gaussian (a-b) and with an Airy light sheet (c-d). Slices are shown for a focal plane of the detection objective (a, c) and along the axial dimension (b, d). For the Gaussian light sheet (b) acceptable axial resolution can be achieved only near xD0 , while high axial resolution can be observed for the Airy light sheet throughout most of the field of view (d).
Details of the specimen and method can be found elsewhere. 5 retrieval of high-resolution information. 5 Instead of illuminating a single slice of the sample with a relatively broad Gaussian light sheet, the Airy light sheet illuminates a small volume with a fine transversal structure. Therefore, each frame of the recorded data contains information for a small volume around it, which we can recombine into the final image using a simple deconvolution. Such a process is simply a multiplication of the Fouriertransformed recorded data and light sheet intensity, which is only possible when the latter has sufficiently large values. In contrast to the Fourier transform of a Bessel beam light sheet, that of the Airy beam has relatively high values. Combined with its propagation invariance, the Airy light sheet gives access to a field of view 10 times larger with high axial resolution (see Figure 2) .
The advantage of moving beyond the Gaussian beam is even more pronounced when considering biological tissue with heterogeneities in refractive index. Imaging large volumes at depth necessitates associated aberrations in the illumination and detection path of the light sheet microscope, which are countered using adaptive correction methods. 6, 7 However, the Airy beam appears to be more tolerant of these aberrations, a phenomenon referred to as 'self-healing.' 8 Therefore, we expect that Airy light sheet illumination might, to some extent, obviate the need for such adaptive measures.
Beam shaping can dramatically change the abilities of a light sheet microscope, and only requires the introduction of a spatial light modulating element into an existing setup. Our technique exploits the increased flexibility in beam shaping by relying on deconvolution for the image formation. The choice of light sheet is pivotal to the capabilities of the microscope, and the Airy mode is one we see gaining wider adoption and paving the way for further innovation.
So far, we have only considered the Bessel and Airy beams for light sheet microscopes. However, while desirable, propagation invariance is not strictly required, and a large number of beam types remain untested. In the future, we will explore the use of these alternatives to further the development of light sheet microscopy.
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